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FIELD OF 


THE IN\ 


MENTION 




r : ::is 


:iver.:: ion relates to the field of stress 


resistarc 


■ - ;n \ 


nits. In particular, the invention provides 


a nove] 




: . c;:s, v;:::c:i encodes an MDR-like ABC 


r. ranspc- • 




. : : :: dc . x i f i cat ion of certain 


xenobic 




olanC's from their detrimental effects. 



BACKGROUND OF THE INVENTION 



the s:r-: , :aiua ; by environmental pollutants in the soil, 
water an.; a: moa ; aer- . Sum pollutants include herbicides, 
pesticio-a a;a . a • a agro;:o^i] : products, as well as organic 
and inoi a . - a . a * ■ a.a eri . from industry and other sources. 
5 Dther ... ya o a ;.:;at t:irea:e:i the survival of plants 

include v ; . ' ox::;s produced by ephiphytic or soilborne 

microorgano ama , auch as fungi and bacteria. 

: n ori-::r to survive in toxic environments, plants 
must have i • - on a . : ama to detoxify xenobiotics, heavy metals 

10 and otne: * :xia :onx )u:;ds . This generally involves 

modif icat :a a of aie * axia compound and subsequent excretion 
into the vacuol- or apoplastic space. Recently, certain ATP- 
binding caaseat (ABC) transporters have been identified in 
plants, van a ah a;aear to be involved in the detoxification 

15 process . 

Che C. • ' :i a.spcr:ei family is very large, with 
represera a ;a/ea -xiaoing in many different classes of 
organism:' . Twa. well studied groups of ABC transporters, 
encoded by oair aai n:rp genes, respectively, are associated 

20 with tha. * , ; ■■ is* ■. dienomenon observed in 

aiammola,: ■ .o . ■ C .a. Ch- o :r genes encode a family of F 
a y a : p : ..a ■ a ::. a . ..it >... ' a-.- energy - dependent efflux of 

certain a a a . .a aouqs from cells. The /nrp genes encode a 
family c: * o . a : a : ' • • : a that ::■ ■ aa:e the extrusion of a 

2b variety : : a .. . • ■ a; .a . a • aier their conjugation with 
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10 



con] ugat ■ 
in the v 
of xenob 
Lett. 41. 
1257-126-- 
ident if r. 
glycoprc* 
s igni f :i c. 
with hum; 
a bundauc'." 
Chem. 7_l 
found in 
and bail' 

ident if 
molecul a : 
to her to 
transpc r* 
plants c 



engine-: 



: 0 G 
99 : 



ericca-.-d by the mrp homo log is located 
.■■nu":"a::e -<:. : is responsible for sequestration 

ti; - central vacuole (Tommasim et al . , FEBS 
;;, .997; hi et al . , Plant Physiol. 107 : 

A: i -ndr-iike gene {atpgpl) has also been 
cha liana, whi^h encodes a putative P- 
loo. The atpjpl gene was found to share 
noe homology .and structural organization 
:;es, and was expressed with particular 

:•. : v:-;;ce axes (Dudler & Hertig, J. Biol. 
■ISo, 1 992) . Other MDR homologs have been 
Wan.: et al . , Plant Mol . Biol. 3d: 683, 1996) 
d :d al . , dene 199: 195, 1997). 
:;em-..r::t ioned mrp and mdr plant homologs were 
-s;.W t of a:; effort to understand the 
or development m plants of cross-resistance 
unrelated classes. However, these 
Lik-dy to serve the more general role in 
• d o : , secreting, or otherwise detoxifying 



rH i Ti rr 1 \ .' 



:her 



:e art of plant genetic 
to identify ana characterize 
.ransporters in plants. 



SUMMARY 



THE : T/ENTION 



inducibJ- : / bin.:.' NPA. 

/■.a: : a aa -a one ;a:a of the invention, a nucleic 
acid isc a- a : a i ; . a a is provided, which encodes a p- 
glycoprc" ■ .:. *: .: a :nauci: "ie by exposure of the plant to 
5 NPPB or cleic acid is preferentially 

expresses a. :. .. aa: r ots ul ... .a exposure of the plant to NPPB. 

In a pre : :a e. ; ■ e:o cd merit , ;;he plant from which the nucleic 

acid is a lata ; is selected from the group consisting of 

Brassies naaua aai Arabidocsi s thaliana and is 3850-4150 

10 nucleot ia-e in • ag;. e . In a more preferred embodiment, the 
nurleic :. 1 i ' ::• res:re:: ion sites shown in Figure 4 for 

at least e.ret: • a :. a . a: : on enzymes. In particularly 
preferred i.a;baa ae..n.-i" a , the nucleic acid molecule encodes a 
polypepe: a a r; aj SaQ ID X0:2. In an exemplary embodiment, 

15 the nucl- :/ a:: ; ; :. s a cDNA comprising the coding region of 
SEQ ID K.. : : ce . ; : id NO: i:: . 

.' -a. . . : ' a an:/ a • a aspect of the invention is an 

express! a aie. : ' ' a- a.. . a a: a : ses a plPAC gene operably 
linked : a ' ; aa aai ::. a more preferred embodiment the 
' a 1 ~ J A o : . . ■ , r ^ i ■ * : ■ ^; T r i pr^fsrr^d ^mD'^'d imen*~ s , 

aae exp: . . : .aa- ' * - a ' : : : ees the cauliflower mosaic 
virus i:. . , ; a.;:' ... i all of SEQ ID NO : 1 or SEQ ID 

NO: 10. : ; ■ " a- : a:.a . ;• • a ;a : ::is aspect is a vector 

compris: : : ' :-a • ■ : naette and a method for producing 

1 :. :ransae:. : . . e. a aa- ■ a: eessioii cassette and vector. 




the tra:.: 









o ag 


■ o anc: 


nor aspect of the invention, an 




isolated . 


• • ' - t- : 




. I 00±C_- 


ai e is provided, which has a 




sequence . 


-fee ■ 


a f 


~am the 


;rroup consisting of: a) SEQ ID 


5 


NO : 1 an-?; 


• - • • 




. ; o ) 


_i nucleic acid sequence that is at 




least ac 








to zne coding regrons of SEQ ID 




NO: 1 or :■ ■ 


, IP ' 


. ' : 1 i 


J ; c ) a 


sequence hybridizing with SEQ ID 




NO : 1 or . :■■ 


t i : : 


: 1 I 


.."it mod 


■rate stringency; d) a sequence 




encoding : 






. of a z 


alypeptide having SEQ ID NO : 2 ; e) 


10 


a sequen 






oi a mi a 


... acid sequence that is at least 




about 7 0 


i e r. * 


' ; - 


' o SEQ 


IP; N0> : 2 ; f) a sequence encoding 




an ami n- 


■■d .•■ 


r ■ ; e i 


; -e that 


as at least about 80% similar to 




SEQ ID X : 






• quence 


encoding an amino acid sequence 




that is o 


. ear ■ 




ata 41% S 


similar to residues 1-76, 613-669 


15 


or 1144 - : : 


> 1 o: 




TO NO': 2 


; and h) a sequence hybridizing 




at moder.::.. 


- str 


::gei 


a:y to a 


sequence encoding residues 1-76, 




613-669 : 


14-: 




of SEC 


ID NO : 2 . A polypeptide produced 




by expre. 




\:o 


ai)ov e 


. isted sequences is also provided. 






0. -::c : 


. ::o 


"a n o t" ! 


.• :• aspect of the invention, an 




1 O "ilat ('■: ; 








avhi'^h is inducible up^n 




► cs'; ) ■ 








:■ , is provided. The polypeptide 




pre fere;; 








. . :n which it is found 




resist an 








The polypeptide is 




prefere:. ' 








" *~ s upon the exposure to the 




NPPB. 








■ ooaably from Brassira napus or 



10 



15 



1-76, 6; 
acid sec; 
at modei 
residues 

ant ibodi ■ 
the inve: 
any of t : 
nucleic 
the anti; 
1144-116 

plant p- 
NPPB, is 
promote}" 
Accordin 
have red 
preferre 
plPAC go: 
p 1 PA 2 g. : 
provide ; 
with mis 
pr i mers . 

x re sen: 



mi: 



:16; : SEQ id N0:2; and d) an amino 
,;■ ; ;y a nucleic acid sequence hybridizing 
: • . : . :y to < ammo acid sequence encoding 
- - v or -1161 of SEQ ID NO: 2. 

::g to otner aspects of the invention, 
logically specific for the polypeptides of 
pr.-viaed, that immunologically specific to 
■tries, of polypeptide encoded by the 
:ho invention. In a preferred embodiment, 
nmuuospeei fic to residues 1-76, 613-669 or 

;g ' w another aspect of the invention, a 
tin gene prcmoter, which is inducible by 
:rr r In a preferred embodiment, the 
)r ,11 of residues 1-342 9 of SEQ ID NO: 10. 
ear ispect if the invention, plants that 
\.s .f pl?AC protein are provided. In a 
on, these plants have mutations in the 
. ; : : " f w':y preferred embodiment, the 
. ' ■ ; ire * ' \:>- i n s e r t i o n of 3. T - DMA . A 1 s o 

; ■ o ; or t hod for selecting plants 

: . \ ' _ : SEQ ID NOS:il-14 as PGR 



ores and advantages of the 

ribed in greater detail m the 



gu: 



10 



15 



related : 
ATPAC de 
•; 1) hmdi 
■ SEQ ID :. 
NO: 7) ; 
i SEQ ID : 

oG on th- 
express : 
contain!: 

atpac, s: 

SEQ ID N 



:.ai : 

■d i 



• i7 r 



5) ; 

: 9) 

Figure 2 

. • VOW t : . : \ 

j A TP A \ 
Figure 3 
ID N : 1- 
Figure 4 



:ones. The lineup shows the 
;ence (SEQ ID NO : 2 ) compared with 
mmdrl (SEQ ID NO: 4); (3) hmdr3 
. ID NO:6); (5) atpgpl (SEQ ID 
MO: 8) . A consensus sequence 



si: v. 



.]raph depicting the effect of rhodamine 

( t ctdls transformed with and 
■ompared with control cells not 

Restriction map of genomic clone of 



;<est : 



.on map of cDNA clone of ATPAC, 



DETAILED DESCRIPTION OF THE INVENTION 

I . D e f in i t ions 

, : • : .. .. : ■ ; ;:iv : • • . r : ::g to the biological molecules 
of the : : .''lit • • : . • : n used hereinabove and also 



7 troun:; 

the ter 
term, w: 
separat < 

cont iqu 



,ppi 



' ; \.e:c acids of the invention, 

■ . . u" is sometimes used. This 

XA, : -fers to a DNA molecule that is 

■s which it is immediately 

: erections) in the naturally 



8 





comprise 


'DMA 














\ 




- molecules of the invention the 




term "is 


.a ed : 


t ' :-C 


a ac:o" 


primarily refers to an RNA 




molecule ■ 


a -ode 


: ; y 


a: iso la 


led DNA molecule as defined 


5 


above . 


: - 'rna* 


i vel ; 


the : 


erm may refer to an RNA molecule 




that has : 


■ • ■ i: 3 .. 


c , 


early s 


eoarated from RNA molecules with 




which ir a 


aald : 


e as. 


^oeiared 


in its natural state (i.e., in 




cells or • 


.: a sue. 


, s' 


; a. tail 


it exists in a "substantially 




pure" :.' . 


the 


*;■ -rrr. 


"subs: a 


etially pure" is defined below) . 


10 


Nucleic . . 


: ; s e 


: i :. 


■s ard a 


::;mo acid sequences can be 




compare:: ; 


s i r:g 


' ra a ' 


ee i; a . : 


rams that align the similar 




sequence. 


o: tie 


sac . 


e : c o r 


ammo acids thus define the 




differed : 




: * a a : 


"p:ses c 


: ahis invention, the DNAStar 




program 


MAS z d : 


, la 


: . , X,;.; i 


sen, Wisconsin) and the default 


15 


paramete: 


: ; sed 


: >y t : 


.at pre: 


ram are the parameters intended 




to be us- : 


: :e re 


a to 


compa re - 


sequence identity and 




similar: * a 


. Al- 


2 e...; ' 


- - y ' - ; 1 


e Blastn and Blastp 2.0 programs 




provided ; 


a the 


: . c ; L 1 


aiai CAa: 


Ler for Biotechnology Information 




(at httr : 


'' aw w . : 


1 i .: 


. sr .nil:. 


acv/blast/ ; Altschul et al . , 


? C- 


19 90., d ■ 








. a : n g a gapped, a 1 i g nme n z w ::!i 




d-faue 




c 




.-■ ; t: o determine tne level of 




iderit i' : 




1 .: 




■ ■._ a nucleic acid sequences and 




ammo as ; 








e^Ily the same" refers to nucleic 




a a id or 








: e/mg sequence variation that 



# • 

sequence ; vei: • res e . s , and refers primarily to 

degenermm ■ mdoee -.-needing the same amino acid, or alternate 
codons t: iino m.e -rva: ;.vc- substitute amino acids in the 
encoded : mypep-' . m- . Wit:: :-:erence to amino acid sequences, 
5 the tenr ".'-;bs: / ma.ly t:r- same" refers generally to 

conservu 1 v- ■ s . • .: m .one u.a/ar variations in regions of 
the poly: p*:de- :. * ;mmoirea in determination of structure or 
f unct i zz: . 

The r • : me "percent identical" and "percent similar" 

10 are also c he rein, in comparisons among amino acid and 
nucleic rid sec.emmces. When referring to amino acid 
sequence. "per." ee identical" refers to the percent of the 
amino ac ;s of e e ee* amino acid sequence that have been 

matched : ■ iden: meal amino acids in the compared amino acid 

15 sequence ry a s* ..;:e:;ce analysis program. "Percent similar" 

refers t :;:.e p- : '-ee. of the amino acids of the subject amino 
acid see r -e re e : . , e - ie • • - e marched to identical or 
conserv- rune e em Cm. served amino acids are those which 
differ m e' rue' . ; m: am- similar in physical properties 

2 C s_.cn te . ' .■: • : : e- : another would no: 

apprec: .. y :r. ;. ' • . em .e. ructure of the resulting 

proteim. ' mse * ■■ em; . ' m rs:rs are defined in Taylor 
(1986, t. ': eeor . ; m .. 1 1 j : 20 r - ) . When referring to nucleic 
acid me y ■; es ( "; : -:m ;;e:: :eal" refers to the percent of 

2 : the nue * . iee • ' s e • nucleic acid sequence that 



express^ f as . • ..sou nucleic acid molecule of the 
invent ic: . Al t. • .■: . . i i : ve ly , :erm may refer to a protein 

which ha i -en :■ : :1 o-ntl.y separated from other proteins 

with wh : s w . a :...irur,i, be associated, so as to exist 

5 in "sub:" ss, ial. y s;,s-" f . 

::.e t-.-.:. " . sirstsss ial ly pure" refers to a 
preparat :: conn s:s;sg at least 50-60% by weight the compound 
of inter' ss (e.y., e, oleic acid, oligonucleotide, protein, 
etc.). :•. r-r s r- ' • :• s '. y , toe preparation comprises at least 

10 75% by ve set, .: : :s st. preferably 90-99% by weight, the 
compounc : int; s: _ . Purity is measured by methods 
appropr:. ■ for ' :;p:sssi if interest (e.g. 

ehromatc s- .;shic ■ ,-ds, ayarsse or polyacrylamide gel 
electroph resis, :iPLJ analysis, and the like). 

15 With : ■ . : :.. to antibodies of the invention, the 

term M : * ;:i;lc g : ' — -• y specific" refers to antibodies that 
bind to ■ or 1 :■. • p.: tots -s of a protein of interest, but 
which a; ' si;; ss . ; '.. y recognize and bind other molecules 
in a sat; coir ss ; a t; xed population of antigenic 

2 0 bioloa: ■ :> 

so s : . ; : ::..,ct eot i des , the term 

"speei: . y s s.sy" : . to the association between 

two sir : st it;: : .see ■ ; s • molecules of sufficiently 
complero :.y s : ■ \ ;--rrrs. t such hybridization under 

21 pre -de:- -\ . . ss s • • e.- used m the art 




the ol . . ■ le, ' 
non-com: . :ita : 

compris-. ai. 
5 ceding e ; ;■ rice . 
antiseric : leio. 
region . 

: :.e t • 

regulate . oegi'. 

10 : ee U 

sequence.-. v;hi ch 
forming v oars 
gene coo . reg ; 
express: :. ,f t: 

15 : :X: { 

product " . . 0. who 
such as * lie 
plant . 

one t- 

2 1 re qui a*" : . 

seque:: ■■ . 
pesi t : ■ e 
express : ft:: 
somet im< . o pi : ■ 

2 5 t roans c: u 




o.;h ,e::ale stranded nucleic acids of 

ex re or: on cassette", as used herein, 
: ■■ -gul r. .wry regions operably linked to a 
:. codorg sequence may be in the sense or 
v;ic:; respect to the 5' regulatory 

"promoter region" refers to the 5' 
: • a gene . 

": ■.rporter gene" refers to genetic 

;:e operably linked to a promoter region 
, su::i that expression of the reporter 
:o regulated by the promoter and 

oeegeiie is readily assayed. 
" s* -I ect abl e marker gene" refers to a gene 
xpressvd confers a selectable phenotype, 
: e.:.st ooce, on a transformed cell or 

11 o-routy linked" means that the 

:.•■."• e ; o; r expression of the eodmq 
.. '. 5."-. e.clecuie in the appropriate 

• u-. ... a : . j sequence so as to effect 
: : eg oequereoe. This same definition is 
* ne . ; oraiooement of coding sequences and 
■ ~- : o: o e . g . promoters, enhancers, 



Agrobat; ■ . .m T TA • ; : s transformation and 

transfer;- .on :. the : :olistic process are also 

contempt ■■; tc seihir t he scope of the present invention. 

The tran. : mm .: : AA may ;. • • prepared according to standard 

5 protect". essh . te se set forth in "Current Protocols in 

Molecule i-.olo: , -us. rsedenck M. Ausubel et al . , John 
Wiley i . h.y 2 

: ee t- ■:. "X'-toDc uc" refers to foreign chemicals 

or agent. :. z p.- h. ■■ ■ i or naturally found in the organism. 

10 The terr e com:. A; used in reference to toxic or otherwise 

detrimeit A for- s; siemicels, such as organic pollutants or 
heavy me ' . . s . 

15 II. Description of plPAC 

a h d i ts Encoded Polyeptide 

A. ac ■ thAesse with the present invention, a nucleic 

acid en -3 ^ ■ AT? -binding- cassette (ABC) transporter 

20 has bee:. . lat- s.; t Lcr.-d from plants. This novel ABC 

transpc- ■ :s : ry ; :•: : : . and binds NPA . The nucleic 

acid i.: : : ;S : . A A \ 

.A : .ATA from Arabi dopsi s 

thaliaz . . ex- y ; .' . . ". 1 c: the invention, is described 

25 in det. ; :. re:: :.: .is nucleotide sequence is set forth in 

Example- ■ Z'r Tins nucleic acid molecule is 

refer re ■ is " A :s - " - : dentical and 51^ similar 



itrurA, ,s: ■ e: e . i :h.in,is^. AAeAA : : * > e 



,'. oar - r ■ : f a plPAC of the invention was 

origina . .sol ; : :. ri, Z:rassica napus via differential 

express.. . • tr- • .:. : pA -inr.s artwn in the presence or 

absence * he :■ • channel blocker, 5 -nitro-2 - ( 3 - 

5 phenylpi y.ami:. ;-::zoic acid (NP?B). A 0.5 kb gene 

fragment id- / :ed, which ha.i oeen up-regulated in 

response- NPPi- ' : ■ ■ Anient . This cDNA fragment was used to 

screen a: Arabi . ; .•• • cDNA library, from which the complete 

ATPAC c: was .a . r •. • :.i . The isolation and characterization 

10 of ATPAr . des- A • ; in Example L . 

j V ^ ' A gen ■ . r I . of ATPAC (SEQ ID NO:10) has also 
■ \> 

been is: . ; : • -d f: - oactenal artificial chromosome (BAC) 

library ' : he , . . \n : iopsi s genome (BAC clone IGF F3J22, 

obtained r m t.A .". ■ ~r : J. : o i s stock center, Ohio State 

15 Univers : ' ' . A a: fragment containing part of ATPAC and 

addition : ' r- ■ t;cry sequences was subcloned into a 

plasmid ■ :"or tA.jsoript) . A restriction map of ATPAC is 

found m A :. i. A > cor respond mg cDNA clone of ATPAC is 

found in A., I A " : and As restriction map is Fig. 4. 

20 Ar . ; .—t rA AA 1 :A. the present invention is 

express : .a .', : . : ; : , and snoot meristem. 

Exptesa .- . .:. :.y: yl of etiolated seedlings, 

but not lair : : .a stealings. Expression of ATPAC is also 

relatit' • A t . ■ •yA :;ns, meristem, roots and the first 



residue:' ■ -42u . 7 7 ID DO : 1 0 . 

A. tin .. ' . ADinD rDNA clone from Arajbidopsis 

thalian . ;■ • : : a. ; ■ -xempl if led herein, this invention 

is inte:. t t ■ . a. . ;ss nucleic acid sequences and proteins 

5 from o*::. ; ^5uu . :■ : - -s * cat are sufficiently similar to be 

used in." a* ; of ' aucD-aic a;:id and proteins for the 

purposes ;(acr;; ; ; ■ low. These include, but are not limited 

to, al D- a vai7 au and natural mutants of SEQ ID NO : 1 , 

which aiu likely "c ;e found in different species of plants 

10 or vari( ' .u-u of '.i: :dopsis. 

bvcau:' su a: variants are expected to possess 

certain : : ere: s .n nucleotide and amino acid sequence, 

this inv at: on : v: ;es an isolated plPAC nucleic acid 

molecul'- . uu/mg • D-ast about fOt (preferably 70% and more 

15 preferai ver -r sequence homology in the coding regions 

with thu- .a, Decc ;e . • • no auo set forth as SEQ ID NO : 1 or SEQ 

II' NO : 1 \aa, : i : < c 1 y , specifically comprising the 

coding :■ a .a c: 7 . DJ NO : 1 > . Also provided are nucleic 

acids tu - net ; aya,o:ide that is at least about 40% 

20 (: refe: : 7 ' - : •'* ; n::-Daub7y 60k) similar to residues 

1-76, • . DD : . ^ 7 . ID MO:2. Also provided are 

nuclei - u * . ■: : : D .a.- \ the nucleic acids of SEQ ID 

NO : 1 , S: ID;: , a nucleic acids encoding the regions of 

residue/ ' > r , ■ j zv \ 144 1161 of SEQ ID NO : 2 , 

27 prefer, u : u u. a ueucy (more preferably, high 




pref err- 


■ : .ecu . 




•CO.: 


:iu:hu': acids have a restriction 


digest :.. 




\; . 1 




:cse shown in Fig. 3 for enzymes 


Xhol, X 


oj : 




no! f 


■rably additionally Sad, Pad and 


Bsal , an 


! ! . .. St I 


'. - ' " . i 




additionally Acll , BanI and SnaBI ) . 




. n an. 


p 


L-ef f 


-rred embodiment, the nucleic acids 


have a : ■ 


■ : ■ i c c 


■ - : - -J 




map identical to those shown in 


Fig. 4 : 


■ • :u:y: 




I , * 


'at I and ZVcil (preferably 


addition 


. .y Dr.. 


, i~ ill 




od Bell, and most preferably 


addit ion 


. : y .A \ ■ . 




I a i 


.d TJil). The nucleic acids of the 


invent ic : 




. 




nucleic acids in length (preferably 


at least 


C nuoj ■ 


1 ; c 


1 Q S 


and most preferably at least 100 


nuclei c 












In ace 


----- 


0 W I 


th the invention, novel plPAC genes 


from tv; 


: . a : : c. y ■ 


c : ■ ■ s 


, Brassica napus and Arabidopsis 


thalianii , 


die on 


■ e n ■ e 




This constitutes the first 


descript 


n of : . 


: s .n 




p-gly coprooein in plants. Indeed, 


the clcn- 


't nnovo. 


i ; 1 - 




sequence, also from Arabidopsis , is 


only 6 : ~- 


. ; :C: i 






Lng chat the ATPAC gene is novel 


and is ( : 


:c--ted ■ 






vel properties. The isolation of 


two pi r/ 








v:r species enables the isolation 


of fun* : 








::: c:::*-r cl ant species. Isolated 










'. : . n : ! any plant species are 


conside : 








'.ant invention. In particular, the 


nucleic 








AC o--:ies can be isolated using 


sequen. ■ 








in : ; : sn plPAC genes from other 



* # 



species, cu mcc fro??, a species in Brassicaceae 

(or Crt; ■ : eruo) . 

7:. . ;• : ■■■ : ' ; k.so provides isolated polypeptide 





product: . 


: 1 t 


he 


■ ■ r r - - a a 


:ng frames of SEQ ID NO : 1 or SEQ ID 


5 


NO : 1 0 , i . 


/ ing 


a* 




cut 70 £ (preferably 80% and most 




prefers; 




- ) o 




identity, or at least about £0% 




similar : 


i t 


r e : ■" ■ 




- and more preferably 95%) with the 




amino ac 


1 SO 


qU(M 


c? of SEQ ID NO : 2 . In another embodiment, 




the poly 


,pt: 


dec 


a ■ -_: _l 


event ion are at least about 4 0% 


10 


ident i o. . 


(pr 


etc: 


o r • o0- 


, ana nest preferably 60%) to the 




regions 


1 r-E 


s ice 


C -76, 


613-6o9 or 1144-1161 of SEQ ID 




NO : 2 . :* 


::au o 


e : 




aral sequence variation likely to 




exist a: 


eg c 


ip,\: 




one ski 11. ed in the art would expect 




to find 


o to 


ai c 


a: -0-40 


o nucleotide sequence variation. 


15 


while c 


. ^ t 


air : 




he unique properties of the plPAC 




gene a:: . 


■ - nc: 


de ; ; 




rde of the present invention. Such 




an expo. 


, - : c , 


n . o 


, i a ■ .:. n 


part to the degeneracy of the 




genetic 


de, 


a. ' 




to the known evolutionary success o 




conserv , 


■ ve 


a nr. r 




equence variations, which do not 


20 


arc rec : 








roe o: the encoded protein. 




Ac core ; 








eco crsiaered substantially one 




same ae 








marcou within the scop*:, ct tre 




present 


: : ve n 


t l : . 
















: - transgenic plants transformed 


2 b 


with p : 








. o • . ' acids of the invention. 



gene not ; e pia*e-u uoo-o , powerful constitutive promoter, 

such as ::e Cau : : f ] c . vr Mosaic Virus (CaMV) 35S promoter or 

the fie-.-/ rt m,'S.,io v.. rus /2S promoter. In a preferred 

embodiro t, the .-. : 22 222 promoter is used. Transgenic plants 

5 express q the toRty under an inducible promoter (either 

its own romoteo ^e ret- .- ro log jus promoter) are also 

contemp :ed to be w thin tne 3 tope of the present invention. 
Inducib. plant prom tors include the tetracycline 

repress /opera* cr c rtro.led promoter. In a preferred 

10 embodint t, a native plPA,: promoter is used, and in a most 
preferr- embodiment, residues 1-3429 of SEQ ID NO: 10 is 

used. ant species that are contemplated for overexpression 

of a pi: .C coding re uonc- include, but are not limited to, 
soybean . 

15 In another embodiment, overexpression of plPAC is 

induced ' o generate o o - suppress ion effect. This exoess 

express., n servos tc promote down- regulation of both 

endogen s and :c : • . o ; 1PAC genes. 

In rooe : r. * e . •• o , ;o may be desirable to down- 

20 r-aula* o 00 ; o o: .) f endogenous plPAC in plants 

posses: • ' ' :.■ ■■■ :.■ . 2. ■ ' : .1:0 oho, clPAC nucleic acid 

control :o : • : o • ' : o : r:l PA encoded P-g lycoprotems . In 

one em; :meoo , : 0 . .00 :i p ! PAC antisense molecules cr 
2b antiseo . ■ : . o • ■ . 0 .0 t it jeted to specific regions of 



# # 

upon t: ..-cr:;::-.:;:., : : :a :es the antisense sequences. Such 
constr;; s car: bo c- ; tj produce full-length or partial 

antisen. seq;ic:;cc-: : . ■ ne example of antisense plPAC 
transgc: . c plants is given m Example 3, 
5 In another embodiment , knock-out plants are 

obtaine: by scriem. ^ T - DNA mutagenized plant population 
for ins cions .i.:i t !:■ rlPAP gene isee Krysan et al . , 1996, 
PNAS 93: 145) . One • x,i;nple of this embodiment of the 
invent: . is found i: hxamole 3. Optionally, transgenic 

10 plants ,n ne create containing mutations in the region 
encodin the active- . ire of plPAC. These last two 
embodim .its are pre : • rred over the: use of ant i- sense 
constru s iuo :; c i :i high hcmcdigy among P-glycoproteins . 
The pre rer cf ATPA ' is .ilsc provided in accordance with the 

15 invent; :i . This pre: or er has the useful properties of root 

express: n and indue ciiity by NPP3. Presence of NPPB in the 
growth \ dium of Ana/ iPcpsis seedlings results in increased 
express', n of APPAP i ' :.• • present invention. 

Furhrrr v;;--;: approximately 4kb of upstream ATPAC 

20 promot- ' XA ." ! ... • * * :.e ■ : T i- : reporter oene and 

trans f • : . • ' .. . : :: 1 ; . . ' . ■ , 2TJS staining is stroira ih 

seedln. n Fht :t-: , ■ h ssicr is high in cotyledons, 
merist- , roc , an : ' ::■ t . rst true leaves of seedlings. 
25 Stain;: .a ;r P..- ; :■ \ .n : ....overs and the ap : ::t; . poi"t.ion 




1 Q 

these ; .motet teg. . v ■.;.*. easily be isolated from the plPAC 
genes :: it ar- : rev. with the invention, all plant plPAC 
gene pi voters . ; re ; . vv.d-.-d wit:a the invention. The nucleic 
acids t: the vue;u ; v -h--refore include a nucleic acid 
5 molecul- that is at v^sr_ about 70% identical (preferably 80% 
and mov preferably > to vie residues 1-3429 of SEQ ID 
NO:10. AIsd i v.vi..i- ,:t- vrle:: acids that hybridize t the 
nuclei-:: vud res id: v..-. " 3--29 tf SEQ ID NO: 10 preferably under 
moderav si r : v v v y :;v ve preferably, high stringency, and 

10 most pu.terabl.y, vor iugu stringency). 

Thus, the ;1PAC of the present invention encodes an 
ABC transporter that: o: nds NPA and is involved with auxin 
transport in the pi a: r. . Mutants of Arabidopsis lacking ATPAC 
and dc::;:ve mutants 1 ok lug both ATPAC and AtPGPl display 

15 morphol a jical phenctypes consistent: with their demonstrated 
impair!:- vts i:: point ; v :•: : v transport. It has been widely 
accept*:.: that NPAvt.vs: :vve regulatory site and the auxin- 
conduct via channel • :v- efflux carrier are separate 
molecul s entities. v ::::v evidence indicates that PIN-like 

20 genes ■ ■ t ' :.■ ; . v v ■ ■ in:" : uv "vaivie I of the efflux 

earn e • '■. \ 1 v : : : a ; v j v ' Cur r . Op . Plant 3:oC . 

2:375 ■ . t ::■■--.-■ : -::•:.•• i :n Example 4 of tne 

preseiv . nvem : n, Ca ■•, . una genes are components of the NPA- 
sensi : . regul no: y v u • . 



induce.: ;,y tr-a: :i;e:/ 
the au:-. . a ana . ... : , , 
auxin t r.mspo mi..;. 
121 : L ■ V J -11 9.:, ; . r : . 
5 invent . s pun;;, s au:-: : : 
synthes . s , s,< •:: as : 
cotyles us (S^cks, 
this mc. .ul , s : ssues * 
auxin as a result, c s 

10 balance could o^.- res: 
typify: ss the ATPAC } 
is the similarity t: 
human M Rl , ass the : 
increased by auxin. 

1 5 and t ha i a tpa c k no c k 
applies! ion suggest s 
the auxin tra::sror: 

The prescss 
capabh ■ if i rv.ss ; sr ■ 

2 0 i riven v . s . : s . : • 

immune. ■ s : : . . s s 
polyp-: ■ . : • - : • . : : . 
antibc . . 'S a is . :ss . . . 
residis . 1 - It: , ■" I 2 



.me ii:its with herbicidal levels of 
sd in Arabidopsis by treatment with 
s fSieburth, (1999) Plant Physiol, 
isxses that ATPAC of the present 
. saxin conjugates from sites of 
:cal meristem and expanding 

Development SI: 833-893). Under 
t-xpress this pump would accumulate 
siitac ion and the altered auxin 
sue for the altered growth patters 
type. Further support of this model 
s so mdolylic substrates pumped by 
su that ATPAC expression is 
, the fact that NPA binds to ATPAC 
st ants can be phenocopied by auxin 

ATPAC is an important component of 
: str lbut ion machinery . 
-st ion also provides antibodies 
illy binding to polypeptides of the 
; embtdimeut, the antibodies react 

: : o s s e p 1 1 ope s .:• 1 the pi PA C-e n c o d e d 
■ . . s: . e preferred embodiment, the 
'illy specific to the polypeptide of 

; 141 -116 1 of SEQ ID NO: 2. 



al . , ; 
i here 1: 
Cur re it 
(2001) 



# 



e :u 



! TDtO 



nerei: 



- 21 - 

..,ld Spring Harbor Laboratory (1989! 
.;1. M ) or Ausubel et al . (eds) 
;;lar B iology , John Wiley & Sons 
■1 et; al . " ) are used . 



10 



15 



20 



25 



III. Preparation of I- : 1PAC Nucleic Acid Molecules, 

encoded Polypeptides, Antibodies Specific for the 
Pc 2 ypeptides a nc Transgenic Plants 

1. Nucleic Acid Molecules 



be prei 
synthe^ 
they m 
util izt 

inform, 
prepar. 
invent 
oligoir 
met hoc 
or sir.. 
accord 
per for: 
strancv 



PlPAC nuc 
red by two 
ceo fro::: ar 
be isoi ate 
protocol s vc 
The avail 
ion, vuvn a. 
i or. co i n i . 
:■: ty : i gen 
:ecti-:oc :: 



. c a 



civ 



cid molecules of the invention may 

1 methods: (1) they may be 

vte nucleotide triphosphates, or (2! 

biological sources. Both methods 
:vvn in the art . 
/ of nucleotide sequence 
:DKA having SEQ ID NO : 1 , enables 
; nucleic acid molecule of the 
hie synthesis. Synthetic 
-roared by the phosphoramadi t e 

. h : Biosystems 38A UNA Synthesize] 
v : h :uh: construct may oe purified 
. in * :v j art, such as high 
graphy (HPLC) . Long, double- 

vuch as a DNA molecule of the 



10 



15 



approp . 
segmen: 
cohesr 
an ent 
molecu 
an app: 

b iolog. 
the AT: 
using , 
altern: 
isolate 

acids : 
part 01 
may be 
condi t 
hybrid : 
Sambro 
5X SS-' 
dena * . 
pyrop: . 
carrie 
hybr id 



Ad],: 
z er:r ; : 
, lo:;_: 

S D 1 . 

:iria- * 
PI [■/■ 

il so;, 
-lor. 

part i,i 

ive em 

In . 
ring I 
all t: 
lent i : 

::s of 
it ion: 
et a : 



Ml 



- 1 je: 

L ' S 

i wa; 
1 o 1 : 
icdir 



COG 

■d b 
o 10 



:-:':i;.::o f Dr attachment of an adjacent 
yoo; o; may be ligated by annealing 
: p:"'.-sen:e of DNA ligase to construct 
-r:>\u;ded molecule. A synthetic DNA 
. ; ::. y then be cloned and amplified in 

a \ s,.. may oe isolated from appropriate 
o: : methods known in the art. In fact, 
o . o • a from an Arabidopsis cDNA library 

crooned from Brassica napus . In 
:.r, -110:11. i r clones of plPAC may be 

oo v;ir.h the present invention, nucleic 
v y : o e level sequence homology with 

? regions of SEQ ID NO : 1 or SEQ ID NO: 10 

isira hybridization and washing 

iate stringency. For example, 
r-r formed, according to the method of 

< i hybridization solution comprising: 
: ■ '<-. ■ :/ , : . SDS, 100 l 4g/mi 
. : :: siei'm CNA , D.05% sodium 
: f . : mam;, de . Hybridiza :;ci; is 

' : ;t ^ -ast six hours. Following 
. :'■ washed as follows: (1) 5 minutes 



mo 1 ecu 
1989) : 



of 



2 3 



quence homology (Sambrook et al . , 



81.5 < ■ 1(\()Lp;.: |Na- 



.41 r.. (■■(') - ().<>3 (% tbrmamide) - 600/#bp in duplex 



10 



15 



As an 

and 50- 



« ^ ^ u ~ 



. ustra *". i or: : tue above formula, using [N+] = [0.368] 
:orma:::co, v: . *: h C-4 content of 42% and an average 
:e of 2C0 ;.■„-;:, he T., is 57°C. The T m of a DNA 
- 1 . 5°C with every 1% decrease in 
-els with greater than about 75% sequence 
■■erved using a hybridization temperature 



duplex ; .?crea;as by 
homology . Thus , ta 
identity would be c 
of 4 2°C. 



: The 
primal" / cn ; 
solutic :.a . li- 
the pre : o wit:: 
carrier, )ut a + 
2 5°C be. : w the: 



condit . 

Of ide : 

:;ondit 
T.. of : . 
:urrer: 
define ■ 
C . 5^ - 



::s sr. 



~i:: ::: * :::f the hybridization and wash depend 
s,t can -/ontration and temperature of the 

to, maximize the rate of annealing of 
.s : • • the hybridization is usually 
il*; .::c; temperature conditions that are 20- 
i"a^ a • ; T of the of the hybrid. Wash 
i ;■■ stringent as possible for the degree 



uverc 



-n <~t ^ 



^Cillui , WaSn 

a : : x : ma*, ely 12-2 0°C below ;. 
:a aie nucleic acids of the 
st ringency hybr idi zat ion is 

SSC, 5X Denhardt's solution, 
e :i s ■ ; 1 mo n s d e r m D : J A at 4 2 0 , 




0.5% £. at e : : 
hybrid . o. ion . r d 
Denhar o o sc 1 if : ; u 
sperm i .' at ■ = . ; c ' , 
5 for 1 5 ; ..nute. . 

::■}■:• : • 

mamt a . . -d as d.\ 
prefer. ■ ; e:no i i ::v.: 
cloni:: • ■ -xpreus : n: 
10 Madiso:., WI) cr c3 
either : f whicui is 
cell. 

Pi Rid uou 
includ'. ;DNA, .hoio' 

15 may be single- or 
provider ol igi ::;;;:] ■ 
or RNA :avio: Ovuo 
one s-. o . uioe : : o 
invent o , si; o u- 

2 0 NO: 10. 

ietec: • : .' •' ' > 
ampl 1 1 i :;0: . ; • o 
negat i \ rego; . r : o 
trans! . ' . on c : t : 




io;.oes. A very high stringency 
:o ; .u hybridization in 6X SSC, 5X 
. : - ;A1S and 111 lig/ml denatured salmon 
'.o_;ur; in Co IX SSC and 0,5% SDS at 65°C 

ds ii the present invention may be 
i;y convenient cloning vector. In a 
o:o::os are maintained in plasmid 
c 1 ... r , such as p'ZJEM-T (Promega Biotech, 
script (Strata-gene, La Jolla, CA) , 
opagaced in a suitable E. coli host 

ic acid molecules of the invention 

DNA, RNA, and fragments thereof which 
td stranded . Thus, this invention 
: u 'sense or antisense strands of DNA 
..:i s .tipable of hybridizing with at least 
>d c rtid molecule of the present 
R ut--i segments of SEQ ID NO : 1 or SEQ ID 
o-o ; re useful as probes for 
d'A .i. :u.st samples, e.g. : y PCR 
: : - ::• e or for the positive or 
: oessoon of plPAC genes at or before 

dA : : r o proteins . 

: o '■ r : r also: expected to be useful m 



used i:. viime: . v y ::■ \ ::v: ..ru:ts to facilitate inducible 
expres.'.: n of o.y ■ v:.v ^-quence of interest, upon exposure 
to NPE. : si:: : : ,r ; ' . :. ■ compounds. 

5 2 . P rotei ns and Antibodies 

Polyoc-or : v -s encoded by plPAC nucleic acids of the 
invent.^:, msy oe : . : o: • v :n a variety of ways, according to 
known :o_o hods . ^ i : o; •• - : in situ the polypeptides may be 
purifi- o from ipovyv .. o • • sources, e.g., plant roots or other 

10 plant ] a . ts . 

Al toe .nov; .:. v- -iy , cue availability of nucleic acid 
molecules encc .v :cy * : .• - polypeptides enables production of the 
proteins usi:::: in v i : rc express! on methods kno>wn in the art. 
For e x : : ie, ct:;.y r may be cloned into an appropriate 

15 in vit. trans. :r:y : :: vector, suoh a pSP64 or pSP65 for in 
vitro ; r. vis on or ion , followed by cell-free translation in a 
suitable cell - we :. : vvclacion system, such as wheat germ or 
rabbit r- t icul ocy t -s . In vitro transcription and translation 
systems- vre coovev . . . y available, e.g., from Promega 

2 0 Eiotec , •'. ; i . : . ■ vvv. r BEE, Eockville, Maryland. 

Accord :. * : . :■ ; ; .::::.••: o , larger quantities cf 

p / PA E :. : . y: : • re re prcduoed by expression : r a 

suitabi- vroc . y : . : >.v; -aryotic system. For example, part 
or all .. ' a EEE ■. • ; E • , such as the oDNA having SEQ IE 

25 NO:l, • . ■ be .v v ; r : :nv:v(i vector adapted for 



mannei . i . to : -v..v ■. x: ression of the DNA in the host cell. 
Such \ r.:.;*.....:/ ■ .-:vu:s :'--..] , ,h red for expression include 
promoter . •>..- y.;- . • . : : : p : or: initiation sequences and, 

option;.:./, en:;.;:.:- : . p;- -u :/es . 
5 Tne : 1 . 'A ' :ly[ri,:iie produced by gene expression 

in a r- t ur : u.. : : .: p: ::.viiyct:c or eucyarotic system may be 
purifi-. d :icoo] to methods known in the art. In a 

pref errec emnr \ i , , o oumero i c;.l I y available 

express:'.:, ii/sec re* o system ran be used, whereby the 

10 recombinant p o : • : : :.s expressed and thereafter secreted from 
the host cell, t ■ ;o easily purified from the surrounding 
medium. If exur^s: d cn/secret icn vectors are not used, an 
altern it :ve apyroovh involves purifying the recombinant 
protein by atr :v:y separation, such as by immunological 

15 interact .:. m wi'.t u • v that bind specifically to the 

recombinant pr . Such methods are commonly used by 

skilled p ract iv rs . 

The yl t,l '-'Viee;v- ; pclypeptides of the invention, 
prepared ny th - v : - vviw c uied methods, may be analyzed 

2 0 accorc : . : t o ■■ :vres . 

: vv- v :. . : •■ :. :d':ral vit i bodi es dire:v.ed toward 
any c: * :. t • • : . . • u ; ny p 1 PA r may be prepare::! 

accorc . u : * .■■ . i .: ■ ; ::-uu. as. Mon:»clonal antibodies may be 
prepav d .socor : :• : :• o I methods of Kohler and Milstem, 

25 follow . :: : Si .V. . V 




2 0 



1 imi t c- 


; :.. .... , A 


p rot of 


acts, ; 


gemini 


vi rus v 


prot . 


a S s , c 


agitat . 


on of c 


t r ansf : 


curing 1 


uptake , 


ana ti: 


the ar- 


Sec, 


(Weiss; 


:u;:. & W 


Mol ecu . 


ar Bio] 


Mol ecu . ar -,i ;:T 


19 9 3) ; 


and Met; 


Manua 1 


(Maliga 


1994 ) . 


The 


to be a 


rans for 


usef ul 


for nuc 


the nr. 


erit ion , 


for ef : 


rcient 
In 


m:o : 




veer; : 




Nucrr : 




pBI vc 




and b: : 




(for : 






coo cue:? v-ct.ors, PEG treatment of 

* : .: ITJA delivery, UV laser microbeam, 
r, Uil.uum phosphate treatment of 

i .■■): h : r: of isolated protoplasts, 

• . :;s with microbeads coated with the 
; ; tecu AAA A uptake, 1 iposome -mediated DNA 
.'. . Sue:: methods have been published in 

. , :0-: is f or Plant Molecular Biology 

u'h, 1988); Methods in Plant 

I;-:.;. .■ : & Zielmski, eds . , 1989); Plant 
: u:uq 1 'Kelvin, Schilperoort , Verma, eds., 
in. • . ao Molecular Biology - A Laboratory 
ssag, Cashmare, Gruissem & Varner, eds., 

a or t rans fc rmat ion depends upon the plant 
The- biolistic DNA delivery method is 
rans format ion . In another embodiment of 

;. a o : or h.;;?? vectors are used to advantage 
carnation of p-lant nuclei. 

• : h ; - ■vbodi merit , the gene is introduced 

, oerium binary vectors. Such 
.: :. ' muted to, 3IN19 (Bevan, 1 984, 
: -72 1/ and derivatives thereof, the 

a . u et al . , 1987, PNAS 83:844751), 
: ,• . oi tGA492 (An, 1986) and others 
: , Methods MM Rv^l 4 4 : ■• " 



10 



15 



(e.g., 

3 ' reo 



i>-. rv-.-.T- 



compr : . •:• ^ co. : 
approp : late 5 ' 
sequer:. :es ) ana 
In a pteferrea 
a powerful err 
Mosaic Virus ( 
3 5S pr :mo:er . 
use in the pro 
T-DNA oanriopii: 
ootoo i : a 



Tran 

SDS cc,;mg sec; 
eonteim ...lat. ed t 
Induo i. ;.le puar. 
repressor/ oper 
promo t ; rs , s: i 
response lve gen 
genes. . w on.; 
rich -■ : ; w , . . 
promo* ■ rr 
chit li : ;se 
(e.g. , asri \ , : 



\ : e r . at i rnal regulatory sequences) and 
or . o , terminators) . 

... r :r r transforming a selected plant 

••. of interest operably linked to 
, i r: ...ircters and t ranslat lonal regulatory 
gol_-o.ory sequences (e.g., terminators) . 
;. ;.: , the coding region is placed under 
i oe promoter, such as the Cauliflower 
: : ' promoter cr the figwort mosaic virus 
r: nstitutive promoters contemplated for 
:or.:ooon include, but are not limited to: 
r ' , : o • , nopal ine synthase (NOS) and 
tS ■ pionmers . 
r . r r. r expressing a sense or antisense 
;r. : : an inducible promoter are also 

the scope of the present invention, 
r •. : r include the tetracycline 
: r. r : o.:d promoter, the heat shock gene 
. j. , wounding) -induced promoters, defense 
* < r e.g. phenylalanine ammonia lyase 
■ r ; :ru:;:r:ers (e.g. hydroxyp r c 1 i re 
:■ :.■ .■■ , orot: oaiiy- inducible aene 
: r :■ uuct as e genes, glucanase genes, 
;o i iark - Inducible gene promoters 
: r • gene: to name a few. 
. ' . .re ueve Icemen 4- - sr^'" ^ r : " ' - ' ' 



2 9 - 



10 



15 



2 0 



prom:>t ■ rs : cr 
variC'i;.' secoi i 
seeds; ana t:o._ 
promot ■ i's w::ei 

approp: oate 3 ' 
embodiment , :i. 
(NOS) : s us--,; . 
but ar^ ■ not 1 ■ 
region . 

Us h: 

trans format ion 
constitutive c 
linked to a nu 
resist mco . 
nuclei is aocc : 
i i \ 

Agroba :teri:jni 



cult IV 



o: tin.- a- 



25 



et a.i . 



select 



; photosynt het ic tissue; the 

gene promoters for expression in 
.c gintamine synthetase gene 

in routs is desired, 
i is also operably linked to an 
sequence. In a preferred 
-lit het ase polyadenylat ion region 
:i 3' regulatory xeyioris include/ 

cot ip ine (OCS) polyadenylat ion 



7 rccacterium binary vector system for 
;Z;t-VJ coding region, under control of a 
:ihl- promoter as described above, is 
::\ ; resistance marker, such as kanamycin 
;er: loomed iated transf ormat ion of p Lant 
:a o;coraing to the following procedure: 
::vo ,i. s inserted into the selected 

.it ion is accomplished by co- 
■ ' ■ • . 'e . g . , leaf discs) witn a 
,". / -mm rtcri um, followed : y 
. .n u :. medium in tne aos-nce 

::• .•owe medium (see, e.g., Horsch 
:n ::urb Symp Quant Biol. 50:433 7) ; 
* . is then transferred onto the 

• ■ * - - t y P{ n Q f rr^o f- -j p p y o • * " "! 



of the : : ■ A T . . :. • : :rmej plants can vary depending on 



the pt. 






. .: a. •• : : no a into the nuclear genome. 


Such 






■ * '''e ' 1 known in the art For this 


reason , 


sever-; . 




;;a.^ ,: e oeais f e> rmana s should be regenerated 


and te. 


ted re; 




i ■■j^ a of the transgene. 


IV. Uses of PIP 


AC 


Nucleic Acids, Encoded Proteins 


and Antibo a 


i e 


~> 




1 . P 


IPAC Nucleic Acids 




Pi PP. 




,,aea: acids may be used for a variety of 


purpose 


s i n a a ■ 




;aaco an ah the present invention. The DNA, 


RNA , O : 


f raar.e 




* : ;• : •. - : may be used as probes to detect the 


pre sen 






■ -no: -as ion cf plPAC genes. Methods in 


which ; 


IPAC :a.; ■ 




. o acd la ::ay te utilized as probes for such 


assays 


induce .. 




re aia_- not limited to: (1) in situ 


hybrid : 


za::c:i ; 




aoea rem hybrid i zat ion ( 3 ) norrh^rn 


hybrid; 


zat ion ; 




i ,*i . ; aa . rted amplification reactions such 


as pole 


mer a se- 




.. n : ■ ; " ions ( ?CR) . 








* a a a acids of th^ invention may also 


be uti . 


ized i.- 




: a • ; ieut i f v related g^n^s from other 


plan:. 






. a . a . . in tne art and desrri. bed 


above , 






. a' a a a • - a :aay be adjusted to allow 


hybr i a 






. . . ■ . a a j..: rote s with complementary 


sequei: 






-a of hcmology. Thus, plPAC 


nuclei 


a ' ' . a 




; advantage to i identify and 


chara a ' 






: a a: ea a riearee? ^ f ' 



protei : .s 



the P-glycoprotein encoded by 



plPAC 



a ; V : a:: trap" technique) . 



■ribe: below, the genes or antisense 



molecu.es a. a.- ; ;v - ; ' : oaaauae transgenic plants that have 
5 altere.; re- si; air .' ; :.• : ; . • : :ies and auxin. 



Purified clFAC tor.:,; • a 1 y z oprc t e ins , or fragments thereof/ 



10 which ,hso aarv . ■■ a -v sensitive detection reagents for the 

presence and ac " ; an lat : a t of plant P -glycoproteins in 

cultured plant ■■.-.Is cr "issues and in intact plants. 
Recombinant; te; at.. cues enable expression of fusion proteins 

contaiiing r ov . a < . . c: the pi PAC- encoded protein. The 

15 full l- ng;:h pre ■ ::. a fragments of the protein may be used 

to adv , u; • t.<. : a . • • r v ■ a:; array of monoclonal or polyclonal 
antibodies spec : . c tor various epitopes of the protein, 

thereby : r via. ;• : . ov; v:er sensitivity for detection of 

the p r * . u ■ ■ o a a *." issue. 

20 1 ... y> , a.ouoclonal antibodies immune logically 

spec i : v : • : ' -v. ■ ;■ ; : rcveins may be used m a variety 

of as • yv : a: : ;■ * and quant, it ate the protein. 

Such c;. v v_.v :■ : a .:• t a limited to: (1; flow 

tytotv ' : . , . ; . . .v; .. . vvaaocaemical loca 1 i zat ion in 

25 cultur- d at v a a; .- a; arid (3) immunoblot analysis (e.g., 

dec bl a, ',v ; t_ ' a : '. ' : ■•xoaats from various cells and 



2 . 



Fli j AC Proteins and Antibodies 



may be usee to 



:vcl" r al or monoclonal antibodies 



t : ssu( 



and pu- if; 
utiliz- d " 
immune, 'pe: 
immuna; re: 
of pro* ei: 



. Uk 



e For example, antibodies may be 
option of proteins with which they 
Antibodies may also be used to 

:~r:m a sample containing a mixture 

ai ial molecules . 



3 . 



10 



15 



plPAC aan. 
appli ;.. ; : 
that pi PA , 
them will 
tolerance 
margin . c 
Both :. 
great i;ti! 
xenobic tic 

1, the sir 
indica ■ es 

cc nse r - ; 
in the 
f rom c* \ . 
appear a z 
contao 



. , : . a 

us 
i n oi 

;r r. ox 
cu:d 

■ a ami 
As di 
; 1 1 ,vi r i 
thai 



P AC Transgenic Plants 

.o:: : . ..ua a t:i;0 ever- or under- express 
; , a : . • - u if agronomic and research 

■ ;; ; a • • : i .ieg a i ng discussion, it can be seen 
■i he;:, i /s, ^nd transgenic plants containing 
: A. A./, a ec a ae : ng stress resistance or 

eui. Aa . a provides an avenue for developing 

■ :oe env.i ronments for crop production. 

:. r ■ ■ >;p: -ss mg plPAC transgenic plants have 
■..he : • s- o ui cf herbicides and other 



; a: 
aaei : 
" i;n: ' 



a/e and in greater detail in Example 
plant and mammalian mdr genes 
ional aspects will also be 

■ ■■xifct.ed to play an important role 

■ ■ Vi; /Lea or xenobiotie compounds 
: ■ / PA a" a 1 so is i nduc i b 1 e and 

. c expressed m roots, where 
is often occurs, makes plPAC 



3 -5 - 

of the- -.s s : : . s that should be detoxified by the 

plPAC : * i: . : s :s iude, but are not limited to, 
hydrop: v. . • , i. . ! ..p-.o;c) herbicides and other 
compou: is , :-;.;c: - - , -1 \ : sh 1 orophenyl ) - 1 , 1 , dimethyl urea 

5 (also : as s 1 . , :u:i, available from Sigma Chemical 

Co., S* . C ;;;s, -. s • hydrophobic compounds that 

disrupt pr. or osy : s . : s • • " roi: transport, as well as 
Metach". 3i" .: : c. . : jy, : • • s • C Switzerland), Taurocholate 
iSigma Clustisal . , : j r..:u3u .1 turon (Cioa Geigy) , and IRL- 
10 1803. 

As il . . ■*. : ; : • - ::: Exampde 2, plant cells that over- 
express a plPAC y.rue have surprisingly higher growth rate 
with cs without *...-.- xe::ci:otic compound Rhodamine 6G. It is 
:ontem: latod th s. :_ I PA O serexpress ion may be a generally 

15 useful way tc .: s : s - use p. sit and pdant cell culture growth, 
even w... :h;s;: oi ■ . : • s • s s - of xenotiotic compounds. 

vi ac: ;v : to t he above-mentioned features and 
advant r • of : • ,:.s i-:;s: : . s : t. s that are altered m their 
express tcs oE i . • '. ", ' • • s plants will also be altered in 

20 auxin ; sassport. . 'through the use of developmental or tissue 

spec ; : 1 : : v ' ■ . s s : . s; . s.s a pre determined alteration 

in aux s • ■ s.s: ; : : : s ; d : :ss as ransmi ca . ly 

or hois . . v s : ■ Eeatures to such plants. 

2 5 Cse : s : . : examples are provided to 

ill ust : s ■ • -mis : . • ■ : s s : ' he ; nvc-nt ion . They a re rot. 

. ...u u:d Analysis of a 
. . 1 Src: .'. rabidopsis t haliana 



- 3 4 - 

„• * :he ' :: t:.-- present invention was identified 

by its ur :;egul w u : -rponse to a chloride ion channel 

blocke: . Erasrw ::c.;j^ : _in:s were grown either in the 
5 presen r abs-:. ■ :" 2 1 2*1 5 -nitro-2 - (3 -phenylpr opylammo) 

benzoi , id (K:i :■ . Ai*--r five days, the roots of the 
seedlici:-' were : : , i::d total RNA was extracted 

separately from * : • : real ■ 'd and untreated plants. From the 
total : NA prepar e : :.rp ; ly (A? \ RNA was isolated and used 

10 as the s: ;iti:ic ::. • f . .. . ■ .. create a cDIJA subtraction 

library, ,c iug ice :000 "0 PCR- SELECT™ cDNA Subtraction Kit 
and accompany ing ns: .rum ions (CLONTECH Laboratories, Inc., 
Palo A . :c , CA) . 

using the ..-ubt: active hybridization kit, a gene 

15 fragment was idero : f cod * c. c was up-regulated in response to 
treattm no of the ; Ins with H?PB. This fragment (0.5 kb ) 
was us-, d ; c sore-.:-: cE\E2 library of Arabidopsis thaliana, 
from whicw a full lwp:r TE7\ clone was isolated. The 
nucleo* sequei: : * 2 c cDNA clone, referred to as ATPAC 

20 (Arabidopsis thai : an i urr , : . v c • anion channel) is set forth 
belo'A- ■ 222 t : ; : . . 

u:e . 7 c 2 ' . ; • - c a polypep'" : ~ ,254 

amine ' . . .a :" .. : : c ; aiiiuo acid sec irice 

encode : : p SEQ E) 2 : : ; . • iccw:: in Figure 1 as "atpac" ( SEQ 

2 5 ID N'C- : : , : n a 1 i ww :. : ho fell owing sequences: (1) hmdrl 

(SEC' T 2 : 3 ; . ■ ■ ::2 .22 E2 2' : : 2 ; (3) hmdr3 * SEQ TS 

Ajpi . cp . , , ^^'E ." 2' : ; :; ' rrur 1 . E^E'~' E^ E' 7 : "W^. c 



10 



ABC tr. 
EST cz . 
t ransp 
sub-gn 
example 



crters 
t 1 an, 
r ran. 
: , rnrp 
f ola:i: 



A . tha.. arid : 

respe t + 1 v ;ly . 7: 
to ATP/-. _\ they a: 



Sequen. 
is eve:. 
agpgpl 
pref ere 



:;om o logy 
: re div- 
::e and :.: 
: al exo r 



respec: :v-riy . 



no:. - ' f ; he databases, including the 
• . _a; ■ rr.atch exist. The ABC 

: y large, consisting of at least two 
.c :.c:\\o\ :s and mdr and homologs . The only 
r:, ir- 1 iio ■ genes are atpgpl and atpgp2 from 
. nc::;oh -s from potato and barley, 

the- zicvgpl and atpgp2 genes are similar 
:Cy ; ; arid 50% identical, respectively, 
'1 A' is a distinct gene by comparison . 
with th- potato and barley /ndr- like genes 
; •:.;:. Ancther difference between the 
.e /AAPAA ;;-ne is their respective 
ss ..on ::: nf 1 orescens and roots, 



15 



20 



of mam: 

^ U ™ 
„ 1 1<_ L I I . 

detox : : 
giycop: 
expres. 
trans i 
t he p i ■ 



EXAMPLE 2 

Effect of ATPAC Expression in Bacterial Cells 
on Their Abilit y to Detoxify Rhodamine 6G 



The c 
an d - 



:s . 



ana 



la 



amine 6G is a well known substrate 
s ■ Kol ac zkowski et al., J. Biol. 



I lie a i.j i i 1 1 y of a ce.i. 



activit 



a t r . 

■t i cells 
; a mine * 



was trans rormea witn an 
he growth rate of 
w as then m e a s u r e d , in 
; . - . Results a ne shown 



Rhodam 
f unct 1 



and ; u. ' 



aenicnstrate that ATPAC encodes a 
^protein . 



Example 3 

5 Transgenic Plants that Overexpress 

and Unde r express ATPAC 

Transformation construct. The Agrobac terium canary 
vector ■ : .:?211 \ll .j ; ,;;.;ev;. ■:; et al . , 1994 Plant Mol . Bid. 

10 25:989:G": was di--^.> ; -d v::;:i EcoRI and Sinai , and sel f 1 igaLed . 
This itk. A :ul.e was ron.^a ttGP211' . The Agrobac terium binary 
vector : ' GG/3 6 6 \ 'a...-. :e , 'A) was digested with Xhol and 
cloned in Salldig-. std pL2L211A We named this binary vector 
pPZPFC A . The 3.;- :d I -length ATPAC cDNA was cloned into 

15 the pG-A ,■ vector. / . : ' • r ingestion with Smal (in the multiple 
cloning . : te up>sttc n. an; EcoRI, a 3.1 kb cDNA fragment was 
cut ou: . "his S::ia . A • /A "-. . i kb fragment was cloned into the 
Smal/E; A ; site c: : A t : A . The rest of ATPAC gene was 
amp 1 i f : ; using p . : ■ Anain reaction to have 

20 transl,..- . nally :As- ; hA* at: its 3' terminal. After 

ligati:. - At/A .d t "no ends of the resulting PGR 

produc te I. ; . ' v.ms t ; into the EccAI size 

of * A '■ A EccR . t .' AG x : rugntot m pPZP-pCGN. Tie 
final ■ :. -truct t .■ : :ATPACOE. 

2 5 Plant transformation. pATPAGGE was introduced into 

Agroba c -'ium tu::z : ; ■ : cnr .-'.rain by a direct transformation 
method. "■. ircba t : ■ n •: : t d trans: ■ rmat ion was conformed 



10 



15 



20 



T2 see, 
plants . 
select- 

pBlues. 
EcoRI 
and Ssj 
port 10: 

r tJ - 

that t: 
orient c 
was in: 
t ransf . 

(1996, 
f ol lowc 
Genesp- 
AtpaeF : 
AtpacR : 
Primer. 
JLI: 3 2 : 
JL2 7 0 : 



T3 se- 
d pla: 
sid we: 



Reeled from kanamycinresist ant T2 
...wed 10 0% kanamyc mres i stance were 
i homozygous for the transgene. 



Antisense Plants. Trie full length cDNA in 



: t; SK( . ' 

The • . 

:: Che At:.: 

f ragmen' 
:n. Thi; 
meed in; 
;tion, ;. 



.rat a gene, OA) is digested with 
site in the upstream polylmker) 
; Kb fragment representing a 5' 
:,ts cloned into the aforementioned 

' e s t e i w 1 1 n EcoR 1 / of/? a I , ensuring 
• : . X A was inserted in the antisense 
r: was named pATPACAE . pATPACAE 
-psi.s plants by Agrobacterium 
; a rove . 



Knock-out Plants. The method of Krvsan et al 



OS 93: B"h 
.;smg t:e 
::ic pc::;.'.. 

\otgotoa; 
otgaatca ' 

:r TDK A . 



OTOT- 



orated by reference herein) 
. primers : 

TTTCTCACTA ( SEQ ID NO : 1 1 » 
..ATCAACACCTC (SEQ ID NO : 1 2 ) 
; r : 

OYO'WTTO ' SEC 1 ID NC : 14 ■ 



was 



s were isolated 



■ based 



25 



screen 
allele 
ATPA^ 



:eies 



o ATP AC and one ATPGP1 



'odlino stage, both alleles of 



So 

were s ■ cnat car.' o.o . :::]:'. :i along the margin. Bolting 
of the " ! oresv.:- ■; . ■ o ' • • \:,is delayed by 2.8 days on average, 
relatir o wild- * y; . : . bolt grew more slowly :han wild 
type a: star; . ■ no o. the wild type length was 

5 utimat^ reach*-;. . . d . denotypes coincided witn the sites 
of exp: : .'ion id; ,■ - ; .' -US stamina (as described 
herein; . None of ::.-sd- ; a- oiotypes were present in plants 
transfc d d with ■ fragment containing the wild type 

ATPAC i : o.oter d. . din : ,dquen::e ( " atpacl- 1" ) . This mutant 

10 did not ■ - splay ;d.y ver* ;;henotype as a seedling or an adult 
plant. : uble moo . . s . • w- r-..- constructed by crossing atpacl -1 
and ati y :-l piano a . :1 individuals appeared wild type and 
were id a. red to o . f p . dna:e. Approximately one in 
sixteen - : the Ft .- d ■. displayed extremely down-curved 

15 cotylec; when • : . in " . . • light and also displayed 
shorten . d/y hy: yl s .•; grown in the dark. PCR 

analys: ■ d":f i i :: ■ d_ ' :.- se seedlings were homozygous 

double d o ants . dd' double mutant plants were severely 

stunte-: :. growdo r ; :r. ■ ' : nf iorescence stems of the double 

20 mutant. 1, od f lor ,. :■ .dcr h- were also wavy in appearance, 

mdicod ■ v. ha: • . :■ : . : irow:. :; periodically cnanged 

durin ; -hid : : o : * d-d ogans . A : * r 12 rcrrs 

of arc v the : ' o ' : : - :d ^ea abundant secondary 

infloid o nee s:.. ■. ., .:. : • o ing a large reducticn in apical 

25 dcminan ■ . Fer" : : ' ■ : lowers in the double mutants 

was p'- ;;;o : ; ■ r. : d ; on v f the stamen filament. 



_5 ^ 



Example 4 

Effect o f A uxin _( IAA) on ATPAC Expression 



10 



15 



20 



25 



cDNA w.- 
lacking 
et al . , 
a heter 
t ransp 
are kn,u.. 
any me.;, 
there w ; ., 

anion c\\ 
complete 
inj ec:c 
express 
associa: • 
clamp in 

conce:/ 
curve i 

naphthyi: 

assaye..; 

to at pa 



Expression in Yeast and Xenopus Oocytes. ATPAC 
uprose- .:. e\; : ' \u • yeast as well as in yeasts 
■ven AB 1 ■ : c.'p : ■ -:-rs (as described by Decottignies 
. J. 273 : 12612 -22) in order to create 

gous sy. ' o o : .ooiaymg function of the 
r. To- u* u .. ee exposed to toxic compounds chat 

const:/ e . : r :;:::ai: MDR1 . ATPAC did not confer 
able e . u ' eo'- o the :oxi: substrates. Further, 
no ev ; ;• :. cf ; drug-pumping role for ATPAC. 
In ore- . ' vx .e.::ie whether ATPAC functions as an 
.el or pula'tr of an anion channel, 

-cry 12 2 . :u u an ATPAC cBNA template was 
::co Xee : ;e e y • .-e to produce a heterologous 
. syste:. ■ u u; ■ to elect rophysiology . No currents 
; with .'. . . . eu; : ■ observed by two electrode voltage 

Treatro :.* : w. . ; type seedlings with 2,4-D or high 
. us : . u . ' . - having strongly 

ATPAC . : . . th- Auxin Transport Inhibitor 
ithalamic acid i:PA) . Y- .tsr. expressing ATPAC was 
r IJPA ; : .' i A ; ouud tightly and specifically 

e: ! • .•.' :u* :u* t o control veast . Bound 



NPA bin : ' o A'' . . . atpac knockout mutants can be 

phenocoe : by , e. .; : . ■ o ; e suggests that ATPAC is an 

importa: ' -ompc:. :. * wixo:: rrarh-port and distribution 

machine : 

5 Effect or AT? AC and AtPGPl on Auxin Transport. 

Three d: -rent owe " : :o:;or: assays of the Ws wild type/ 

ATPAC- 1, TeA^- ; .:. : e.o • : were performed. The first 

measure:: ' ::e ba.-: o ::. e :::e:o of auxin in seedlings as 

describe by ?\ u e : . . _ -w i . . , 2 C 0 C } Pi an La 211:315-324. A 0.1 

10 jal mi :: e oplet ■ : e i.e.,." ive auxin was placed on the apex 
of a li grow:. . - in . Four hours later, the amount of 

radioac: oty cool.- ■ :* . ■■; ::".oist filter paper that contacted 

the roo: op wao ; ■■ o: ..: : ;. Pclar auxin transport measured 

in this oner woo O'W.-oe reduced m both alleles of ATPAC 

15 and esp> , L 1 y ::: 1 :o ; ..; o . - mutant, but not in the atpgpl 
mutant . 

The s>. : ; o ■ oeaoorod one basipetal transport 

of radi w ove e o: o. we. . e; etiolated seedlings inverted in 

a resere ^ cere: ; ::.::. * o e ^active auxin (Garbers e: al . 

20 (1996) } ■ O J. ! : " : ; ; : ■; 1 . Tee results were similar to 
those w * : o : ' . ;-e o wwea e.:ove . 

auxin e .-- ee : ■■: :e o •• • * hod described by 

Ruegger a I ;. . . . ■ :ol\ o :74 b -57. A segment of 

25 inflore: ece e* ■ ■ v. * - eeo e . i immersed apical -end down 

in a *u; ■ : o . c : oo- ■ : ledioactev^ eex:n. At 



♦ t 

signifi. \ly ; * v.cpcrt in tissue segments taken 

from th- ..;;ver : ' : \ : : :x- inflorescence. This is 

mdicat : of or. . • : . . • function of at least two MDR-like 

gene pn *zs a . : . - • . :: ; [ orescenee axis. 

5 

,\hile : v. he [..referred embodiments of the 

present vent] ..v. : .:. described and specifically 

exempli: i abc v . ;* • -.ended that the invention be 

limited sue: . ■ v c;:c: ..c . various modifications may be 

10 made the \.e v;; • . . ;■ r " from the scope and spirit of 

the p re: ' : n v • . • '. ;:: .. ar vet forth in the following claims. 



